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Contributions from accelerator
experiments

Development of cosmic-ray air showers * Inelastic cross section

large — rapid development (by TOTEM)

Pri ticl .

e onmclewsy | SMall — deep penetrating
_First | . Inelastlmty_k =1-p_.IP___ eutrons
Interaction large — rapid development

small — deep penetrating

pion decays * Forward energy spectrum

softer — rapid development Photons, T
harder — deep penetrating

pion-nucleus
interaction

* Nuclear effects p-Pb collisions

second interaction

» Extrapolation to high energies many
precise measurements data
at lower energies are points
crucial
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The Large Hadron Collider forward (LHCf) experiment
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INTERACTION REGION . TAN

TAN
(absorber for neutrals)

Arm1 «
Double-tower calorimeter Double-tower calorimeter
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e Sampling & Imaging E.M. calorimeters/
2 calorimeter towers
Absorber: Tungsten 44Xy, 1.6 Aint
Energy measurement: 16 plastic
scintillator tiles
Imaging: 4 tracking layers

- Performance N
e Energy resolution ( >100GeV)
« 4 X-Y SciFi imaging layers 5% for y, 40% for neutron o 4 X-Y Silicon strip
+ MAPMTs « Position resolution (E.M shower) imaging layers
e 20mm x 20mm + < 200 um (#Arm1) e 25mm x 25mm +
40mm x 40mm ~40 um (#Arm2) 32mm x 32mm
\§ VAN J J




The LHCf collaboration

The LHCTf Collaboration

““Y.Itow, “Y.Makino, “‘K.Masuda, “Y.Matsubara, “E.Matsubayashi,
“*H.Menjo, “"Y.Muraki, ~"T.Sako, “K.Sato, “ M.Shinoda, “M.Ueno,
“Q.D.Zhou

*Institute for Space-Earth Environmental Research, Nagoya University, Japan
“Kobayashi-Maskawa Institute, Nagoya University, Japan
“*Graduate School of Science, Nagoya University, Japan

K.Yoshida Shibaura Institute of Technology, Japan
T.Iwata, K.Kasahara, T.Suzuki, S.Torii

Waseda University, Japan
Y.Shimizu, T.Tamura Kanagawa University, Japan

N.Sakurai Tokushima University, Japan
M.Haguenauer Ecole Polytechnique, France
W.C.Turner LBNL, Berkeley, USA

O.Adriani, E.Berti, L.Bonechi, M.Bongi, G.Castellini, R.D’ Alessandro,
P.Papini, S.Ricciarini, A.Tiberio

INFN, Univ. di Firenze, Italy
A.Tricomi INFN, Univ. di Catania, Italy



student

The LHCf collaboration

The LHCTf Collaboration

““Y.Itow, Y.Makino, “K.Masuda, “Y.Matsubara, "E.Matsubayashi,
“*H.Menjo, “Y.Muraki, “"T.Sako, "K.Sato, " M.Shinoda, "M.Ueno,
“Q.D.Zhou

*Institute for Space-Earth Environmental Research, Nagoya University, Japan
“Kobayashi-Maskawa Institute, Nagoya University, Japan
“*Graduate School of Science, Nagoya University, Japan

K.Yoshida Shibaura Institute of Technology, Japan
T.Iwata, K.Kasahara, T.Suzuki, S.Torii

Waseda University, Japan
Y.Shimizu, T.Tamura Kanagawa University, Japan

N.Sakurai Tokushima University, Japan
M.Haguenauer Ecole Polytechnique, France
W.C.Turner LBNL, Berkeley, USA

O.Adriani, E.Berti, L.Bonechi, M.Bongi, G.Castellini, R.D’ Alessandro,
P.Papini, S.Ricciarini, A.Tiberio

INFN, Univ. di Firenze, Italy
A.Tricomi INFN, Univ. di Catania, Italy



EventstimfGeV

MC/Data

Photon energy spectra @ v/s = 7TeV
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Neutron spectra @ v/s = 7 TeV
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- Neutron production may be relevant to muon production
- Could be a key for muon problem

« EPOS 1.99, QGSJETII-03, SIBYLL 2.1 were not able to reproduce
measured spectra
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New rad-hard LHCf detectors for \/s=13 TeV
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LHCf Arm1 Large tower
SPS 2015, 200GeV electron

-~ Data X
-4+ DataY

Shower peak - wcx
-~ MCY

position resolution
<100pam

N
(o)
o

S
=
c
e
=
=
(@)
b
Q

o

N
o
o

Total energy deposit [GeV]

Non-linearity
<0.5%

i - 150 200 250
7500 8000 850 Electron beam energy [GeV] 100 150 200 250

Samp|ed energy [MeV] Electron beam energy [GeV]




Installation (Nov. 2014)

e

» i' A
. u ? Ry
-

> L

.
~ B~




LHCfff%Hj%a \ |
\“‘ﬁ\ '

EPI%%@& //\—
< —AA47@2$L%h%
i




“LHCf dedicated run”in p-p Vs=13TeV, 2015
LHCf dedicated run

E 6500GeV  t(sB)00:50:34 rrEmrem o Very-low luminosity special runs for LHCS
- 3 days for all physics program!!
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13 TeV run, event display, 0 candidate
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13 TeV run, event display, m0 candidate

Cf Arm1 Detector
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plots from 13TeV data...
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Energy scale monitoring during the operation : pi0 mass
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- Large Hadron Collider (LHCf) experiment
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